Purpose: Heterogeneity of breast cancer, the most common cancer in women, complicates approach to its treatment. Neoadjuvant chemotherapy (NAC) in the treatment of locally advanced breast cancer (LABC) with the endpoint of achieving pathologic complete response (pCR) is not always successful. The purpose of this study was to evaluate the clinicopathologic characteristics, biomarker status and response of LABCs to NAC. Patients and methods: Core biopsies and post-surgical specimens of LABC patients were evaluated after receiving NAC. Their lymph node involvement, tumor staging, grading, size, tumoral and stromal lymphocytic infiltration (TLI, SLI), hormonal status, ki67, p53 and HER2 expression were evaluated. Response to NAC was assessed using pCR, Miller-Payne grading and residual cancer burden. Results: In a total of 71 patients, pCR rate was 5.6%. Strong association was observed between ki67 positivity and p53 expression (P-value˂0.001). Also ki67, TLI and SLI showed association with triple negative tumor subtype (P-value 0.011, 0.002 and 0.014). Good response to NAC was associated with p53 expression. Nodal metastatic residue was also associated with primary tumor's nuclear grade. Conclusion: Strong correlation of ki67 and p53 can suggest probable interchangeability of both markers in the prognosis of LABC. In this study p53 even showed superiority to ki67 having association with good response. Strong association of ki67, TLI and SLI with triple negative tumor subtype can be parallel to an overall better response rate of this subtype. We can also propose the effectiveness of defining nuclear grade as a prognostic factor towards residual lymph node involvement post NAC.
Introduction
Breast cancer is known as the most common cancer in women worldwide.
1,2 Different approaches including systemic chemotherapy, radiation, surgery and targeted therapy are approved for its treatment. Neoadjuvant chemotherapy (NAC) is the main approach to locally advanced breast cancer (LABC). NAC can help towards shrinkage and down staging of the tumor and its better outcome. [3] [4] [5] [6] Pathologic complete response (pCR) is used to evaluate tumor response to NAC and is known to be associated with patient survival. [7] [8] [9] Based on the American Joint Committee on Cancer (AJCC) staging system, pCR has been defined as the absence of residual invasive tumor in both the breast and axillary lymph nodes. 4, 10 Although beneficial in many aspects, NAC is not promising in achieving pCR in lots of patients. Different molecular subtypes have shown different pCR rates in previous studies. Triple negative tumors and HER2-enriched subtypes have been differentiated from luminal subtypes with regard to their response to NAC and achieving pCR. 2, [11] [12] [13] A nuclear protein known as a proliferation marker that is detected during cell cycle except for the G0 resting phase is ki67. Its high levels can indicate greater tumor progression and on the contrary better response to chemotherapy. 12, [14] [15] [16] However the unavailability of a consensus on the cut-off point for ki67 evaluation, has restricted its use as a predicting factor and therefore defining its eligibility for prediction of response to NAC seeks further studies. 17, 18 A tumor suppressor gene-related protein that is involved in natural apoptosis of cells is p53. Its expression can be used as another predictor of response to therapy; however conflicting results have been seen in this regard in past studies. 15, [19] [20] [21] Heterogeneity of breast cancer urges researchers to discover more about its tumor characteristics and factors affecting response to chemotherapy. Since no relevant data has been available to date from LABC patients in Iran, in this retrospective study we decided to evaluate the molecular status, histologic properties, and response to NAC in LABC patients, at our institution.
Materials and methods

Patient selection
After inspecting the medical records of 412 breast cancer patients from April 2014 to June 2018, data of 172 stage III breast cancer patients were extracted from archived data of the pathology department of Shahid Faghihi hospital, a large referral hospital in Shiraz, South Iran, affiliated to Shiraz University of Medical Sciences. After further evaluations, 71 LABC patients according to the National Comprehensive Cancer Network (NCCN) guidelines, 22 with available core biopsies and resected pathology specimens, were selected. The inclusion criterion of receiving standard neoadjuvant chemotherapy before surgery was considered. Patients with confirmed metastasis at the time of diagnosis and also inflammatory carcinoma were excluded. Patients were selected regardless of the chemotherapy agents used and number of cycles received. All had received a minimum of four cycles. A flow diagram of patient selection is demonstrated in Figure 1 . This study was conducted following the declaration of Helsinki regarding ethical principles for medical research. 23 
Pathologic and morphologic study
All pathology slides of the selected patients' core biopsies and post-surgery breast mass and lymph nodes were reviewed by an expert pathologist. Tumor size, its histologic and nuclear grade (score 1-3), skin and nipple, lymph vascular or dermal lymph vascular involvements, number of involved lymph nodes, and extra nodal extension were evaluated. Tumoral and stromal lymphocytic infiltration (SLI and TLI respectively) were also evaluated on hematoxylin and eosin-stained sections of available core biopsies. TLI and SLI were respectively calculated evaluating percentage of lymphocyte infiltration into tumor cells and into stromal bed without invasion to tumor cells. Threshold used for comparison of low and medium-high TLI and SLI was 10% according to previously published data. 9, 24, 25 
Immunohistochemical analysis
Monoclonal antibodies against estrogen and progesterone receptors (ER, PR), HER2, ki67 and p53 (Biocare Medical, Concord, CA, USA) were used for staining. ER and PR expression were accounted as positive if more than 1% of the cells were stained. 26 
Evaluation of pCR
According to the 8th edition of the American Joint Committee on Cancer (AJCC) breast cancer staging system, 10 pCR was evaluated as the absence of any residual invasive cancer following evaluation of the total resected breast tissue and all involved lymph nodes after completion of NAC. In situ carcinoma (DCIS) was allowed in the pCR evaluation. Aside from pCR, residual cancer burden (RCB) 29 and Miller and Payne grading were also used for evaluation of response to NAC. The latter grading was evaluated according to reduction in tumor cellularity; Grade 1 representing no reduction and grade 5 indicating no residual invasive cancer in the resected tissue. 30 According to the two latter classifications of response to chemotherapy, patients were categorized. RCB-0 (indicating no residual tumor), RCB-I and Miller and Payne grade 4 and 5, were considered as good response to chemotherapy. On the other hand RCB-II, RCB-III along with Miller and Payne grades 1, 2 and 3 were accounted as poor response.
Statistical analysis
Statistical analysis was performed using SPSS version 15.0. All data that were categorized as demographic variables and their significance in difference were analyzed using the chisquare and Fisher's exact tests. Logistic regression was used to evaluate the association of different variables with achieving pCR in different subtypes of breast cancer.
Ethics approval and informed consent
Institutional review board committee approval was obtained from the Shiraz University of Medical Sciences Ethics Committee (95-01-36-13927) and written informed consent was collected from patients.
Results
Detailed data of patients and the characteristics of their tumoral tissue are elaborated in Table 2 . The molecular status of breast cancer in the study population with their percentages is shown in Table 3 . pCR rate was four out of 71 patients (5.6%).
Multinomial regression was applied in order to find the association of different tumor characteristics and also p53 and ki67 markers in the four subtypes of breast cancer achieving pCR; large confidence intervals were achieved and therefore not valuable for further investigation. The detailed frequency of ki67 positivity, p53 expression, TLI and SLI in different tumor subtypes is elaborated in Table 3 .
Our results indicate that ki67, TLI and SLI have significant association with triple negative tumor subtype with a P-value of 0.011, 0.002 and 0.014 respectively. Also, both TLI and SLI showed significant association with each other (P ˂ 0.001). The positivity of proliferation marker, ki67 showed significant association with positivity in p53 (P ˂ 0.001). The percentage of ki67 positivity and its distribution in the study population is shown in Figure 2 . As results indicate, pCR was achieved in only four cases. Aside from pCR, the results of response to NAC according to RCB and Miller and Payne grading in different molecular subtypes are elaborated in Table 4 . As shown, poor response to NAC is predominant in all four subtypes, showing dominancy in higher RCBs and lower Miller and Payne grading. However 21% of patients showed partial response to NAC. This partial response is regarded as down staging of tumor from stage III to stage II or I. Association of ki67, p53, TLI and SLI with response (good vs poor) according to RCB and Miller and Payne grading is shown in Table 5 . A significant association was seen between p53 expression with good 
Discussion
Considering the heterogeneity of breast cancer, it is important to know its molecular status and related characteristics in approach to its treatment. In this study we decided to evaluate different characteristics and original molecular status of LABC patients that had undergone at least four cycles of NAC. Data regarding frequency of molecular subtypes of breast cancer are different. Generally luminal A accounts for 30-40% and Luminal B for 20-30% of total breast cancers. HER2 positivity and triple negativity are roughly detected in 12-20% and 15% of the breast cancer population respectively. 18 Our report indicates comparable frequency of luminal subtypes and a higher HER2 positivity compared to global reports; however high rates of HER2 expression was also observed in another study on Iranian Kurdish women. 31 In a recent study in Eastern Morocco, contrary to global reports and our study results, the majority of breast cancer patients were of the triple negative subtype, followed by HER2 positive, luminal B, and luminal A, 32 although in a study on ethnicity and subtypes of breast cancer, triple negative subtype is reported to have the highest rate in non-Hispanic black race and hormone receptor positive/HER2 negative subtype being the most prevalent in all ethnic populations as was reported in our study. 33 As mentioned, pCR rate was insignificant in our study population. One main reason for this low pCR rate can be incorporation of breast/axilla in the definition of pCR rather than only breast. 34 From the four pCR cases, all had lower primary lymph node involvement and smaller tumor size compared to the non-pCR cases. These could be accounted as possible factors involved in achieving response. Three were HER2 positive. As reported in previous studies, 2, 13, 34, 35 HER2 positive/ER negative subtypes respond better to NAC and have more appreciable pathologic response. Targeted therapy in case of HER2 positivity can be one reason for better response rates in this group. 8, 34 On the other hand ER positivity and higher histologic grades have been associated with poor response rates. 36 In our report, the HER2 negative/hormone receptor positive tumor with pCR had low histologic grade. However heterogeneity in LABC and multiple factors involved in outcome make it difficult to decisively attribute response to a single factor. Aside from pCR, response rates according to RCB and Miller and Payne scoring also approve of higher response rates in HER2-positive tumors. Poor response to NAC was seen predominantly in luminal subtypes. High response rates in the HER2-positive and triple-negative subtypes have been associated to higher proliferative genes. 37 On the contrary, ER expression has been inversely associated with proliferation of breast tumor. 12 As presumed, high tumor proliferation rates can lead to better response to chemotherapy. ki67, a proliferation marker, can help predict response to therapy. In our study population high expression of ki67 was observed in the majority of HER2 enriched and triple negative tumor subtypes which is relevant to previous studies. 38, 39 Better response rates in these two subtypes can be due to their higher ki67 expression. Although high ki67 expression was associated with triple negative tumor subtype in our study, it showed no significant association with response to therapy according to RCB and Miller-Payne grading. Its association with tumor subtypes has been variable; in a study by Denkert et al 40 it has been predictive in all subtypes 40 with more favorable prognosis in both triple negative and luminal subtypes. 39 In another study, ki67
showed predictive value in ER positive tumor subtypes being inversely related to ER positivity. 12 Our results accordingly show low ki67 expression in the majority of luminal A subtypes with high ER expression and poor response to NAC. Different response rates in various studies could also be justified by different unidentified genetic variations in each subtype alone.
In the Miller-Payne grading, the remaining macroscopic or microscopic tumor size is not taken into account and as described, morphologic changes in tumor cells, independent of the chemotherapy regimen chosen, is accounted as response. It is important to emphasize that loss of pathologic tumor cellularity may not always be in accordance with decrease in tumor size indicating that pathologic and clinical response may not be parallel. 30 However RCB calculation is dependent on residual tumor size as well as tumor cellularity, percentage of DCIS and number of involved lymph nodes with their largest metastasis diameter. 29 Therefore if exact calculation is done for RCB, it can be accounted as a more specific method of evaluating response. The prognostic value of p53 in response to NAC is conflicting, however more recent studies approve its value. 15, 21, 41 Methods used for p53 expression can be a limitation to its detection. Some authors prefer gene detection rather than protein as the method of choice. Also small study populations have been another barrier to the discrepancy met in establishing a threshold for p53 expression. 21, 41 Up to 71% of HER2-enriched tumors are reported to have p53 mutations, 18 though this expression was slightly lower in our HER2-enriched tumor population (60%) ( Table 3 ). This can suggest the existence of other different independent tumorigenesis pathways for breast cancer. In our study, p53 expression showed association with ki67 positivity. Association of ki67 and p53 has been previously observed in triple negative breast cancer patients. 42 Also overexpression of both ki67 and p53 has been associated with high NAC response rates in the mentioned subtype. 15 p53 in healthy cells is destined to having a short half-life, therefore it is hardly detected. However in stressed mutated cells, the regulation on its planned destruction is reduced and due to its accumulation and longer half-life its high levels can be detected immunohistochemically. If p53 is dysfunctional due to mutations, natural apoptosis of cancer cells will not take place and mutated DNA remains. As a result uncontrolled cell division leads to high rates of proliferation that can itself be presented as high ki67 expression. 43 In our study population, p53 expression showed association with good response according to both RCB and Miller-Payne grading. Association of p53 with response to NAC as a prognostic factor has been previously reported 15, 41 although its method of detection, patient characteristics, chemotherapy regimen have been considered as factors that can influence its predictive role. Nodal status and nuclear grade have also been investigated in association with pathologic and clinical responses in previous studies. 2, [7] [8] [9] An association between higher nuclear grades and involvement of lymph nodes in the post NAC breast tissue was observed in our study population as also observed in a similar study. 38 This finding can help us suggest that higher nuclear grade in the core needle biopsy can predict post NAC nodal metastatic residue. Host response may also play a role in defeating cancer cells. The amount of lymphocyte gathering in the tumor can be a predictor of response to chemotherapy. In our study population, highest lymphocyte infiltrations were predominantly observed in the triple negative and HER2-enriched group that is relevant to previous studies. [44] [45] [46] [47] [48] However Denkert et al 25 reported TLI as a predictive marker for response to NAC in all different molecular subtypes, yet it failed to show survival benefit in HER2- positive and triple-negative subtypes. 25 In our study, TLI and SLI showed significant association with triple negative tumor subtype although failed to show association with response due to small number of patients with triple negative subtype and pCR. Strong associations of TLI and SLI in our study and previous studies, 2 propose the unnecessity of evaluating both in one sample at the same time.
Knowing that suppression of the immune systems is an attributing factor to tumor growth, lymphocyte infiltration in core biopsies can be used as an immunity biomarker in predicting response to NAC.
Conclusion
In this study we were able to show the association of ki67 and p53 in patients diagnosed with LABC after receiving NAC. Also ki67 positivity, TLI and SLI were associated to the triple negative subtype and the significant association of TLI with SLI can suggest that they can be representative of one another. From the results of this study we can propose a predictive role for p53 expression towards better response rates to NAC. Our results indicate that nuclear grade of the primary tumor can be used as a factor in predicting residual tumor in lymph nodes after receiving NAC. However there exist different limitations to this study. Its retrospective nature limits study population and also the possibility of gathering every baseline data required for patient evaluation throughout his treatment. We should take into account that not every patient's data is complete in the data base and also some patients had to be excluded due to missing pathology biopsies. On the other hand LABC patients without known metastasis are a limited group of breast cancer patients that are not always referred to the affiliated hospital that our data was obtained from.
Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable request.
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